In this paper, we study the finite time quenching phenomenon of a nonlinear diffusion equation with nonlinear source and singular boundary flux. It is shown that the solution must quench in a finite time and the time derivative blows up at a quenching point. The quenching set and rate are determined.
Introduction
The main purpose of this paper is to study the quenching phenomenon of solutions for the problem (1.1), namely, there exists a finite time T such that lim max{ ( , ) : 0 1} 1 or lim min{ ( , ) : 0 1} 0.
From now on, we denote the quenching time of problem (1.1) with T . [10] and the references therein. In recent years, more and more researchers focus on the quenching phenomenon for nonlinear diffusion equations, especially for singular and degenerate parabolic equations. Dao and Dí az [11] showed the global quenching phenomenon for 1 L initial datums of nonnegative solutions to the one dimensional degenerate parabolic problems
, in which contained a singular absorption term. They proved the solutions occurs quenching in a finite time and obtained the upper and lower bounds at the quenching time. It is well known that the most striking manifestation of this nonlinear degeneracy is that in porous medium flow there is a finite speed of propagation of disturbances from rest which is more consistent with biological phenomena in the real world. It was the work by Nie, Wang and Zhou [12] concerned the quenching phenomenon of the solution to the porous medium equation. They shown the critical length for the quenching phenomenon occurs and got the location of the quenching points and the blowing up of the derivative of the solution with respect to the time at the quenching time. For more works of the quenching phenomenon for singular and degenerate parabolic equations, see [13] - [16] and the references therein.
In this paper, we focus our attention on the finite time quenching for one-dimensional nonlinear diffusion equation with nonlinear source and singular boundary flux. To the best of our knowledge, there is little work devoted to the quenching phenomena of degenerate parabolic equations with two nonlinear heat sources. Even for linear diffusion equations, the results are limited, see ([17] - [19] ) etc. Quenching phenomenon is dependent on the singular term of the model and different singular terms cause the problem may occur quenching phenomenon at different levels. Obviously, in our problem (1.1), both the nonlinear source term and the outflux may become singular in some finite time and the presence of the nonlinear diffusive term in the equation make the discussion becomes more complicated. Motivated by the work [4], we will study the finite time quenching phenomenon of the solution and the time derivative blows up at a quenching point. Then, we will discuss the quenching rate and the lower bound for the quenching time.
Throughout this paper, we assume that
The main results are stated as follows. 
2. Quenching on the boundary and blow-up of t u In this section, we prove finite time quenching for the solution. Due to the degeneracy of the equation, the considered solutions might not be classical in general and we should discuss weak solutions. However, for simplicity of our arguments, we assume that the solution is appropriately smooth, since we may consider some approximate boundary and initial value conditions. Remark 2.1. We assume that the condition We then rewrite problem (1.1) into the following form:
In order to obtain the quenching phenomenon in finite time, we firstly need the following In Theorem 1.1 followed, we research the quenching phenomenon of the problem (1.1).
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Proof of Theorem 1.1. By the maximum principle, we know that 0 ( , ) 1 ut and  is a positive constant to be specified later. Then ( , ) 
We obtain, as tT 
